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BINDING OF IMMUNE COMPLEXES - 
BY MODIFIED FORMS OF G- REACTIVE PROTEIN 

FIELD OF INVENTION 

This invention relates to a method for binding 
immunoglobulin, aggregated immunoglobulin or immune 
complexes , including all immunoglobulin i so types of mammals, 
particularly IgG,. IgA, and IgM, using' a modified form of 
C-reactive protein, a natural ly-occuring protein. In 
particular, this invention relates to the use of modified 
C-reactive protein to bind immune complexes in the treatment 
of a variety of diseases and as part of assays for the. 
detection and quantitation of immune complexes. The 
modified form of C-reactive protein may be used as a reagent 
that can bind immune complexes either when coated onto a 
solid surface or. when added to a solution containing immune 
complexes. Preferred is modified C-reactive protein 
expressing the neo-CRP antigen. 

The invention further relates to a method of pre- 
paring modified C-reactive protein, and to a method of bind- 
ing aggregated immunoglobulin, immune complexes and 
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sua5-pq.ua oq. puxq saxpoqxq.UY * a ouBq.sqns oxuafixq.ua .xaTnoxqaad 
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ssTroafom aaqq.o 'sfflsrtrefiio snoxq.oaxux xo squauodmoo apn-[oux 
saxaTduioo aunurui-p ulzot qoTUA suafijq.ua aqx * sujaqo^d jaqqo 
qqTA uoTq.oun.Cuoo ux samxqamos 'suafixqua qq.xA sa-rpoqxq.ua 
50 fiuxpuxq aqq Aq pauiaox aaa saxaxduioo aunmuii 
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•spTnij mojj ujxnqoTfiouninuiT 
paqafia-zfifia pua saxaTduioo auninmx fiuTAouxaa aoj saoxA 
-sp oq. pua" saxaTduiOD aunuraiT fiuxq.aq.xq.ua no pua fiuxq.oaqap aox 
sq.T3i qsaq oq saqaxaa °stb uoxquaAux aqq 'Anauja -^EO-oau 
oq Apoqxqua qq?A uiaqq fiufq.oaq.uoo fiuxsxadmoo uxTnqoTfiotrrramT 
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Immune complexes are removed from the circulation 
and tissues by a variety of normal mechanisms such as by 
fixed macrophages found in the liver, spleen and lymph nodes, 
and by circulating macrophages. The formation of antibodies 
and immune complexes is part of the natural response of the 
individual to combat diseases, such as infections, and cancer. 
The binding of antibodies to antigens and the .removal of the 
. immune complexes are the mechanisms by which antigens are 
neutralized, taken out of tissues and blood and degraded. - 
The continued presence of immune complexes in the 
circulation and their, deposition in tissues, contributes to 
compromised immune system function and inflammatory pathology. 
Immune complexes can deposit in tissues sjuch as the lung, 
kidney, heart and joints causing both transient and perman- 
ent damage to those organs. In cancer, it is thought that 
the immune complexes may block the proper function of immune 
mechanisms which would otherwise destroy the cancer cells . 
and prevent the. growth and spread of the .cancer within the 
body. 

There may be .one or. several reasons why circulat- 
ing immune complexes are found in high levels in diseases. 
The antigens and the immune system responses may be near 
maximal, and the immune complexes formed may simply over- 
whelm the capacity of the systems for their removal. Alter- 
natively, some mechanism may have compromised the efficiency 
of the immune complex removal system, or the nature of the 
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51:215-224 (1983), and Schifferli, et al . , New Eng. J. Med. 
315:448-495 (1986)]. Immune complexes may remain in circu- 
lation for long periods of time and deposit in various " 
tissues contributing to the inflammatory and erosive mani- 
festations of autoimmune and other diseases [See Emanci- 
pator, et al., Lab. Invest. . 54:475-478 (1986)]. 

Circulating immune complexes may block or reduce 
the efficiency of the natural effector mechanisms of the 
immune system, as has been postulated for malignant trans- 
formations [See Feldman, et al . , J. Ext?. Med. , 131:247 
(1970); Mangari, et al., J. Immunol. ,■ 121:767 (1978); Theo- 
filopoulos, et.al., J. Immunol. . 219:657-663.(1977); Theo- 
filopoulos, et al., Immunodi agnostics of Cancer , p. 896, M. 
Decker, New York (1979), and Levinsky, et al. , Lancet , .1:564 
(1977).]. The removal of immune complexes from the circula- 
tion may reduce many of the clinical problems associated 
with autoimmune and infectious diseases and cancer. For 
example, it is beneficial to monitor circulating immune 
complex levels in blood and to specifically bind and remove 
circulating immune complexes which may .otherwise compromise 
immune system function or lead to acute or chronic inflam- 
mation. Accordingly, many investigators have approached the 
monitoring and removal of circulating immune complexes by 
devising assays and adsorbents to selectively react with 
circulating immune complexes while not reacting with uncom- 
plexed immunoglobulins. 
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a patient with a specific disease varies with the assay 
used. [See McDougal, J.S., et al w Adv. Clin. Chem. , 24; 1-60 
(1985)]. Therefore, results gathered by any of the afore- 
mentioned assays may be considered to be of marginal value 
for diagnostic purposes, but may be used to support a 
diagnosis, to assess disease severity by correlating with 
amounts of immune complexes, or to monitor follow-up after 
therapeutic treatment as suggested by Feldkamp in 
Clin. Chem. News , 4:5-6 (1987). ' - . 

Methods of removing circulating immune complexes 
from blood have emphasized a plasma exchange or blood fil- 
tration therapy. Generally, for blood filtration therapy, a 
substance which can bind complexed immunoglobulin is immo- 
bilized on a solid support which is encased online, through 
which the blood or plasma removed from the patient is 
passed. In some cases, after passage over the adsorbent (in. 
an extracorporeal device), blood components are reinfused 
into the patient thus eliminating the need for large amount 
of • replacement plasma or other replacement fluids. 

Currently, there is interest in study of the use 
of Staphlococcal Protein A (the various subtypes being col- 
lectively known as "Protein A") as the immobilized circu- 
lating immune complex adsorbent. Some trials by investi- 
gators have resulted in promising results while others have 
failed, presumably due to Protein A's inability to effec- 
tively differentiate immunoglobulin in immune complexes from 



-uxa^o:rd aAx3.0Ba.1-D Tioxq.BTiD xsap etiq. aortaq 
'trca^oad sb ao^DBj mni9s aAX^OBaa aq* paxjx^uapx Arvwiib 

-asqns saai^o "IT** TT*=> T* 3P°^ OTOlOTd BT I* ^° 0 

m.TA ps^B^Tdxosad s^uax^d HT *Ta:;rioB mo*? wbs 
paAaasqo ox^ '(OSST) TAS-T9S=ZS ' *P*W *dx 3 T UT STOxreajI 
P tib WITTX *q p3qT^=>s©p rj-saxj spa }i -^ue^OBBa asB^d 

* [ (3S6X) 6^-£^?9 'strebJO tbxot^I^Y ' *t B 
"H*a 'QOBjapxre* '(6A6T) 6TZZ-ZTZZ s £ZT / -Tounmnii T ' "T 8 
*a "Y-d "'T^qTI *(*86T> SZZ '"o^xqxijui HIA ^Ppipl 
"tb *a "r i 'uoss-CTN ?U86I) v9Z-6SZ:tT 'sxiBoao moTJT^ 
^ v-N-X 'T*1 -'(W6I) *EWZT*S '-louHD^i -sa^sraj 
, -jaqx -'BrnsBTa "T« 'TI 'uoss T xn 3 * s^aqaospa 
-oxxrmrmx pazxTxqo^T sb 'Apoqx^xiB 20 uaox^xiB oxjxoads b ao 
'ao^OBj p-To^ranmp ao b T 0 sb xfons 'saoq-daoa* 05 6utsti - 

pa^dnrawB jo pasodoad babtj sjo^t^ssaut aax^o -SGXTTiq 
-oT5ourumnx 50 uoi^od u oj tt et» spuxq V uxa^oJia ' 

•<sz.6i) Tse-z.ec -cm 

' uoTWyraw b« pub aaouao is uxaby asusjaQ q.so H ux 's^ubm 
Pub ' ( CB6T) W9S**m "TO^^H T * P^S ' 'T« '™>MTTO ■ 

<(*86T) 81T-TZ.T = 99 "WW * Tounuuui =T ' "T 6 '•aqoa '(T86T) 
000Z-S5TT = S0e ."P»M T 'T^H KaR ' "T 18 '««»X '(*8dT) 
OW-SeZ'T '' -poM 'dsag -TOTS T ' "T* ^ 'iub^bS *q pa^odaa 
sb A^TAnoB9i ma^sAS atmnimx TBJtauao pxre uox^bax^ob ^xiamaTd 
-moo 'a^xax^ob - oxxia5o^d £»UT^B-[nmx^s xio sbxi q.onpoad TBxaa* 
-OBq sxiw ^oajja saAB^A o^ P ub tiXTnqo T 6oimuiuix paxaidmoonou 



LPziomsa/iDd 



- 8 - 



8Z960/68 OM 



WO 89/09628 PCT/US89/01247 

- 9 - 

It was later discovered that CRP has a role in 
host defense. CRP can recognize and bind one of several 
ligands on the cell or bacterial surface, or in suspension. 
These ligands include phosphoryl choline/ chromatin and poly- 
cations. It appears that certain CRP-ligand complexes have 
the capacity to activate the complement pathway, thus stimu- 
lating certain aspects of the immune system. 

In clinical use, CRP has been used as a marker of 
acute inflammation. Its exact role in the body's inflamma- 
tory response is not yet known, although it has been shown 
that injecting mice with liposomes containing C-reactive 
protein can be effective in inhibiting or- reversing' certain 
tumor growth [See Deodhar, S.D., et al., Cancer Res. , 
42:5084-5088 (1982); Barna, B.P., et al., Cancer Res. , 
44:305-310 (1984); Thombre, P.S., et al . , Cancer Immunol. 
Immunother. . 15:145-150 (1984)]. 

Under particular experimental conditions, CRP can 
be altered so as to have charge, size, solubility and anti- 
genicity characteristics significantly different than the 
CRP molecule monitored as a marker of acute inflammation 
[See Potempa, L.A., et al . , Mol. Immunol. 20 :1165-1175 
(1983)3. The distinctive antigenicity associated with 
altered CRP has been referred to as n neo-CRP," and the 
altered CRP molecule itself has been referred to as 
" modi fied- CRP. " Using appropriate reagents and' assays, it 
has been determined that modified-CRP expressing neo-CRP 
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The exact mechanism by which modified-CRP contri- 
butes to these activities is unknown. However, a consistent 
feature common to all these listed activities is that 
modified-CRP either mimics or enhances those activities 
stimulated by aggregated immunoglobulin. 

Also, modified-CRP has also been used in vivo . 
Mice injected with modified-CRP 30 min. prior to receiving a 
lethal dose (90%) of type 7F Streptococcus pneumoniae sur- 
vived death in a significant and dose-related manner [See 
Chudwin, D.S., et al., J. Allergy Clin. Immunol. , 77:2169 
(1986)] . 

■- Using appropriate reagents and techniques to iden- 
tify the natural occurrence of modified-CRP as the neo-CRP 
antigen on body cells, it has recently been determined that 
neo-CRP antigenicity is found as a natural component on the 
surface of large granular lymphocytes ( i.e. , natural killer 
(NK) cells, B lymphocytes, polymorphonuclear leukocytes and 
monocytes). On natural killer and B-cells, the antigen 
recognized by antibody to neo-CRP has been found to be 
directly associated with the Fc receptors found on either 
cell. The Fc receptor on natural killer cells is distinc- 
tive from the Fc receptor on B-cells, suggesting that CRP 
may be a common link in the structures of two- physically 
distinct but functionally related molecules [See Unkeless, 
J.C., et al., Adv. Immunol. . 31:247-270 (1981); Perussia, 
B., et al., J . Immunol . . 133 : 180-169 (1984); Anderson, C.L. 
and Looney, J.R., Immunol. Today , 7:264-266 (1986)]. 
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plasma, synovial, cerebrospinal, pleural, or ascites fluids) 
or in other immunoglobulin- binding or -containing materials. 
Immunoglobul in-binding or -containing materials may be de- 
fined as materials or solutions used for diagnostic tests, 
therapeutic treatments or for research purposes that bind or 
contain immunoglobulins. Specifically, these materials may 
include plasma, serum, monoclonal antibodies, antigens asso- 
ciated with immune complexes, gamma globulin for injection, 
complement protein or derivatives, proteins associated with 
clotting mechanisms, i.e. , fibrinogen or fibronectin, etc. 
Generally, except for separation of plasma from blood, no 
special pretreatment or separation of the fluid material is 
necessary. 

In practicing preferred embodiments of the method 
of the present invention, a fluid from a mammal containing 
immune complexes is contacted with a solid support surface 
coated with fixedly bound C-reactive protein (CRP) which. has 
been isolated and treated in such a way as to express anti- 
genicity which is distinctive from CRP currently quantified 
for clinical diagnostic purposes. This distinctive anti- 
genicity is referred to as n-CRP or neo-CRP, and the 
modified-CRP preferred for use in the practice of the in- 
vention expresses neo-CRP- antigenicity. The fluid con- 
taining the immune complexes is passed over, or incubated 
on, the solid support surface, such as a granular filtration 
material in a column in an extracorporeal device, a micro-' 
titer well or on another suitable surface,' so that the im- 
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Another embodiment of the present invention com- " 
prises the binding of modified-CRP by another molecule which 
is necessary to , or which may, enhance aggregated immuno- 
globulin or immune complex binding to the immobilized 
modified-CRP. Thus, the sensitivity and/or specificity of 
modified-CRP to bind aggregated immunoglobulin or immune 
complexes, can be enhanced by co- immobilizing modified-CRP 
with other molecules that also have immunoglobulin binding 
activity or by immobilizing modified-CRP on surfaces of ap- 
propriate hydrophilicity or hydrophobicity or by immobil- 
izing modified-CRP on solid surfaces having linking agents 
attached thereto. 

Gauther, et al., J. Exp. Med, . 156:766-777 (1982) 
reported the effect of the surface charge on immune complex 
deposition. Alternatively, various peptides such as 
-lys-ala-asp-trp-tyr-val-asp-gly have been shown to affect 
the binding of immune complexes to Clq proteins [See 
Boackle, R.J., e t al., Nature . 282:742 (1979)]. Polyca- 
tionic (e.g., poly-iysine or poly-arginine ) , polyanionic 
(e.g., poly-glutamic acid or poly-aspartic acid) and non- 
electrostatic forces have all been implicated in the inter- 
action of immunoglobulin with other molecules [See Burton, 
D.R., Mol. Immunol. , 22:161-206 (1985) J. Potempa, et al., 
J. Immunol. , 127:1509-1514 (1982) have reported that CRP can 
bind to polycationic ligands with selectivity. 
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tainer holding modified C-reactive protein. - .The modif ied-CRP 
may be labeled to allow for the detection or quantitation of 
the immune complexes or the kit may also include a container 
holding a labeled component that binds to the immune com- ■ 
plexes or to modif ied-CRP so that the immune complexes can 
be detected or guantitated. 

Another embodiment of the present invention is a 
method of reducing the levels of immune complexes in a mam- 
mal in need thereof comprising -administering to the mammal 
an amount of modified-CRP effective to reduce the levels of 
immune complexes. The injection of modif ied-CRP into the 
body or blood of a mammal increases the relative concentra- 
tion of modif ied-CRP in the mammal. Modif ied-CRP which ex- 
presses neo-CRP antigenicity is a natural component found in 
mammals. As described in Example 10 (see below), modif ied-CRP 
in suspension effectively removed heat-aggregated immuno- 
globulin from solution. 

The invention also comprises a method of binding 
aggregated immunoglobulin or immune complexes comprising 
contacting the aggregated immunoglobulin or immune complexes 
with an antibody to the neo-CRP. The aggregated immunoglo- 
bulin or immune complexes may naturally contain modified-CRP • 
expressing the neo-CRP antigen or may be allowed to bind it 
before, or while, being contacted with the antibody to neo-CRP 
to add to, or increase the level of, n^o-CRP antigen bound 
to the aggregated immunoglobulin or to the immune complexes. 
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DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Methods of isolating C-reactive protein (CRP) from 
natural sources are well known. The CRP utilized herein was 
isolated from pleural or ascites fluid by calcium- dependent 
affinity chromatography using phosphorylcholine- substituted 
Sepharose (an agarose-based resin made by Pharmacia) as 
described by Volanakis, et al., J. Immun. . 113 :9-17 (1978) 
and modified by Potempa, et al . , Mol. Immunol. , 24; 531-541 
(1987). In this procedure, the primary affinity column is 
exhaustively washed with 75mM Tris-HCl-buf f ered saline (pH 
7.2) containing 2mM CaCl^ until the absorbance at 280 
nanometers was <0.02, and CRP is eluted in 75 mM Tris, 7.5 
mM citrate-buffered saline (pH 7.2). This high concentra- 
tion of Tris significantly reduces non- specif ically adsorbed 
proteins recognized to contaminate affinity-purified CRP 
preparations. CRP- containing fractions are pooled, diluted 
3-fold with deionized-distilled water, adsorbed to DE52 ion 
exchange resin and eluted using a linear 0.05-0.5 .M NaCl 
gradient. CRP- containing fractions are pooled, dialyzed 
into lOmM Tris-HCl-buf f ered saline (pH 7.2) containing 2mM 
CaCl^ and applied to unsubstituted Biogel A 0.5 to remove 
residual serum amyloid P component (SAP). The final CRP 
preparations are concentrated to 1 mg/ml using a CRP extinc- 
tion coefficient (mg/ml) of 1.98. CRP is exhaustively 
dialyzed. in lOmM Tri s-HCl-buf f ered saline (pH 7.2) con- 
taining 2mM CaCl-, sterile-filtered and stored at 4°C. 
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specific for neo-CRP, whereby the neo-CRP is formed by an as 
yet unknown mechanism. Forms of modif ied-CRP have been also 
been shown to stimulate various actions of the immune 
system. 

CRP can be structurally modified or denatured by 
heat, acid, urea-chelation, adsorption to hydrophobic or 
hydrophilic solid surfaces, or other methods, to express the 
neo- antigenicity we identify as neo-CRP. When contacting a 
solid surface such as that found on a polymeric material, 
the CRP is modified or denatured to express neo-CRP. This 
form of modif ied-CRP is one of the preferred embodiments 
utilized to bind aggregated immunoglobulin or immune 
complexes. 

While CRP is preferably modified or denatured by 
being immobilized on a solid surface, other methods of modi- 
fication or denaturation may be utilized- to express the 
neo-CRP antigen. For example, • CRP may "be treated or con- 
tacted with effective amounts of urea- and conventional 
chelation reagents. The preferred chelation reagents in- 
clude ethylenedi amine tetraacetic acid (EDTA), citric acid 
and heparin. Further, CRP may be modified or denatured by 
adjusting the pH of the protein to below about 3 or above 
about 9. 

Heating may also cause modification or denatura- 
tion of CRP. The use of chelation reagents may be necessary 
if the CRP preparation contains calcium ions. Heating above 
50°C for- an amount of time effective to cause denaturation 
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including polystyrene which has been rendered hydrophilic by 
specialized treatments. Generally, however, any polymeric 
material may be utilized which does not result- in signifi-. 
cant leaching off of the modified-CRP from the solid phase 
surface. The polymeric material may be hydrophilic, hydro- 
phobic, or both. Preferably, however, hydrophilic polymeric 
material is utilized. A positively charged surface on the 
polymeric material will enhance the binding activity of the 
modified-CRP for binding aggregated immunoglobulin or immune 
complexes as shown in Example 9. Enhanced binding is also 
obtained using negatively-charged surfaces. However, if a 
hydrophobic surf ace is used, such as on a 96-well microti ter 
plate used in a static system for diagnostic assays, the 
modified-CRP adsorbed thereon also has. the capacity to bind 
aggregated immunoglobulin or immune complexes. 

In an alternate embodiment of the present inven- 
tion, CRP adsorbed to a solid surface (hydrophobic or hydro- 
philic) may be utilized to bind aggregated immunoglobulin or 
immune complexes. When the CRP .is adsorbed directly oh ; the 
solid surface, it will change and express the antigenic 
neo-CRP, wherein the binding activity is prevalent. CRP so 
adsorbed has the immune complex and aggregated immunoglobulin 
binding characteristics of CRP modified prior to adsorption 
on the solid surface. 

Further, modified-CRP can be adsorbed onto the 
surface of a polymeric material shaped as beads for use in a 



xxxs^oad oxsBq .lo^Bm pire supare^oid ptre '(xeaxonu) seuo^siq 
y 3UTn-c5jB-i-ATod apnxo'QT suox^BoZ"[od asaqi, *sxx s= > 3-3oxeq. 
03. 5H0 ™» sspx^dad peBjBqo Ax©Ax^xsod 3-Bq}. q-iodaa '9861 

'I £xnr '09-SS : 8S 'Jion^ nt -TB 3-3 'TS '^ZTfi 

•1(^861) LLLS9L'9SZ ' -P»W ^0x3 t 
'-tb ^a 'aaxrnxiBO <(TB6l) 00£Z 2 t¥ "san ^aoxiBO ' * I 'X 'asoqo 
ptre '-H*¥ '^T^TS i (C86l). 63I ; 6S 'spox^©w 'loiinuraii T ' * I "X 
'asoqo ptrs ' *H*V '^T^TS ®©S] sapxmxaxBmxp pxre aq.Bpxurpx s 
-raxdxAtn.amxp 's^PTT'B^I^CT^ 's^poijsd 'ap^raTTpoqaBO 'saa^sa 
-opxmxxp '03. paq-Trnxx aq q.oti axe ^nq 'apnxoax Aaq^. P^b 

'XBnox^uaAnoo paaapxsuoo aiB pire pappB si nx^oad aqq, a;iojaq 
ao*j;ms pxxos ox:iauiAXod «V» pazx^BAxaap jco jo ^.jBd sb * 

paq/BJodiooux aoB sq.iia£B Snxafuxx 'uox^hbaux sxqq. jo sasodind 
aoj -q.ua6B But^TX b ir-T^ x^xaa^Boi D^zL^m^jod aqq. jo aoBj 
-axis aq^. no Ax^-^X^Aoo - 10 Ax^tiaxBAoo-TiOTi pszTTT°I 0fflm T ©q 

<IH0-P9T5TP o « SI tX "XBTJa^BBi. oxjiam^xod oq. ^o-paxjxpom aq}. 
jo tj.uauirpBq.q.B aq^. a^noas 03. pszxxT^n aq Abui. ^uaDB ouxifuxx 
b 'dHD-P s TJTP olu °3- s axa x dnio o armunnx JO xixxnqox£ournmnx psq.B5 
-ax65B jo Buxpuxq a^axdmoo ajznsua oq. ^.aojja tre txi 

•saaq^o P™2 (u©pe*S 'BXBsddfi) STBOxmaqo aux.3 BXDBmxeqa 
; (TN 'XJBAaN) saUBJiquiaw o*=>TW i (aN '«aoo ubxo) ^roddnsoxs 
IT^a *(U 'P^ojxooh) -oo x^>PiratiO sojaij f(vo 'puourqora) 
saxjo^B^oqBa pB^ oxs moa j ; sb^b^s P^tWl ©X^IT^ab 
^TT^T^J^oimo 3 sxBxaa^.Btn asBqd pxxos ptre iinmxoo '•xiafix^.Tre ' 

jHO-oau aq} ssa^dxa 03. papxojxm ptxs pa.2n3.Buap 'spBaq eq^. 
jo aoBjans aqq. o^uo paqaospB aq XTI A 3-7 'pazxxi^n sx JI 
•pimoq aq 03. saxaxdinpo auruouix fiut^xnoaTa aoxts 03. 'uumxoo • 

- v3 - 

LrZlO/68SO/JOd 8Z960/68OAV 



WO 39/09628 



PCT/US89/01247 



(eosinophilic). Linking with polycations has also proved 
effective for modi fied-CRF. • 

It has also been found that a negatively- charged 
surface enhances binding of aggregated immunoglobulin or 
immune complexes. Suitable materials useful for preparing 
such a negatively-charged surface include glycine, aspartic 
acid, glutamic acid, and heparin. It should be noted that 
glycine is zwitterionic in solution and will express a nega- 
tive charge only after being bound to the solid surface 
through the amine group. 

Conjugation reactions generally require an initial 
modification of. protein amino acid R groups or cross linking 
agent or both. Such modifications may serve to selectively 
activate R groups ( e.g. , carbodiimide-O-acyl urea, inter-, 
mediate formation with aspartic, glutamic, and C- terminal 
carboxyl residues) to allow for reaction with appropriate 
• available agent functional groups (amino groups in the case * 
of carbodiimide) . Modifications can also include the intro- 
duction of a new reactive moiety (e.g., N-succinimidyl-3- 
(2-pyridyldithio) -propionate) which introduces pyridyldithio 
groups on lysine epsilon- amino residues. This allows for 
disulfide bond formation between protein and agent. In some 
cases, bifunctional coupling reagents are employed which 
form bridges between the protein R groups and the agent of 
interest. 

Modified-CRP of the present invention can be used 
to remove aggregated immunoglobulin immune complexes from 
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able surface, coated with modified-CRP. The device may also 
include appropriate tubing for connecting it to a patient 
and a pump to aid the passage of the fluid through the de- 
vice and back into the patient and to prevent air from enter- 
ing the system. The device must be sterilized for therapeu- 
tic use, and sterilization may be accomplished in conven- 
tional ways such as purging with ethylene oxide or. by ir- 
radiating the device. 

The invention also comprises a method of detecting 
or quantitating immune complexes comprising contacting the 
immune complexes with modified-CRP so that the immune com- 
plexes bind to the modified-CRP. The modified-CRP may be 
added directly to fluids containing the immune complexes or 
may be immobilized oh a solid surface of the types, and in 
the ways, described above. The modified-CRP may also be 
added directly to cells or a tissue sample having immune 
complexes thereon, and labeled modified-CRP may be injected 
into a mammal so that it localizes in areas of the mammal's 
body where immune complexes are found, such as areas of 
inflammation. 

In diagnostic assays, modified CRP can be directly 
added to solutions containing immune complexes to bind and 
alter the immune complexes and to change the immune complex 
properties so as to enhance the precipitation of the immune 
complex and to enhance other binding interactions of the 
immune complexes leading to immune complex- removal from cir- 
culation. Alternatively, CRP or appropriately modified CRP 
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containing 0.3 M NaCI and 0.05% Tween-20 (wash buffer), 
before being backcoated with 1% bovine serum albumin (BSA) 
in water for 30 min at 37 °C and rinsed" with wash buffer. 
Test samples (100 microliters/well) were diluted in 0.1 M 
phosphate-buffered saline (pH 7.3) (PBS), containing 1% BSA, 
and were allowed to incubate for 1 hr at 37°C. After 
multiple washing steps, 130 microliters of appropriate 
enzyme conjugate, diluted in 0.02 M PBS containing 1% BSA 
. was added and incubated for 2 hr at 37°C. After washing, 
100 microliters of enzyme substrate solution was added per 
well and incubated at 3 7°C. Wells were read for absorbance 
at appropriate wavelengths on a Titertek multiskan plate 
reader (Flow Laboratories, Helsinki, Finland). 

Modified-CRP may also be coated onto latex beads 
for use in agglutination assays or onto dipsitcks made of, 
e t * polycarbonate, polysulfone or latex, for use in quali- 
tative or semi -c^iantitative immunoassays. In general, any 
immunoassay technique can be used that results in an observ- 
able change in properties.- 

The labeled components added to the immune com- 
plexes bound to the modified-CRP to allow for the detection 
or quantitation of the immune complexes are conventional 
reagents used in immunoassays. Also, the labels used are 
those known in the art. For instance, enzyme -labeled, I 125 -, 
labeled or biotin-labeled antibodies to the immunoglobulin 
or the antigen in the immune complexes could be used. 
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Antiserum and polyclonal or monoclonal antibodies 
formed by conventional techniques to neo-CRP or to peptide 
fragments of CRP may also be used for binding aggregated 
immunoglobulin or immune . complexes . Preferably/ CRP may be 
denatured or modified as described above, and antibodies may 
then be formed against the neo-CRP antigen by conventional 
techniques. A method of dissociating CRP and of isolating 
and characterizing CRP. antigen is disclosed in Potempa, et 
( al., Wol. Immunol. 24:531-541 (1987), which is incorporated 
herein by reference. 

' The antibodies to neo-CRP may' then be used to bind 
aggregated immunoglobulin or immune complexes which may nat- 
urally contain CRP expressing the neo-CRP antigen. Alterna- 
tively, the immune complexes or aggregated immunoglobulin 
may be contacted with modif ied-CRP. expressing . the neo-CRP 
antigen before, or while, being- contacted- with the antibody 
to neo-CRP to add- to, or to increase the level of , neo-CRP 
antigen bound to the aggregated immunoglobulin or immune 
complexes. 

This method. may be used to detect or quantitate 
immune complexes in fluids, on cells or on tissues, and a 
test kit comprising a container holding antibody- to neo-CRP 
and, optionally, a container holding modified-CRP that 

expresses neo-CRP is also provided. The antibody to neo-CRP - 

> 

may be labeled with known labels ( e.g. labeled with I 125 , 
enzyme, biotin, fluorescein) to allow for detection and 
quantitation of the immune complexes. Alternatively, a 
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responses in the presence of CRP. The present invention 
discloses a therapeutic effect of modi f i ed-CRP by promoting 
precipitation as shown in Example 10. 

In laboratory practice, modified-CRP may be used, 
to remove aggregated immunoglobulin or immune complexes from 
fluids used for research or in therapeutic procedures or 
diagnostic tests. The presence of aggregated immunoglobulin 
in such reagents may be expected because of processing steps 
used to make these fluids, such as heat treatment of antisera 
to inactivate complement. The modif ied-CRP or CRP may be 
bound on a solid surface for binding aggregated or complexed 
immunoglobulins from reagent material. or solutions, e.g. , 
solutions containing monoclonal antibodies, derivitized 
reagents, intravenous gamma globulin,, or isolated blood com- 
ponents. Alternatively, the modif ied-CRP may be added dir- 
■ ectly such reagent materials or solutions in order to bind 
aggregated or complexed immunoglobulins, thereby rendering 
them non-detrimental. 

As shown in. the following examples, modif ied-CRP 
also., binds to monomeric immunoglobulin, although to a much 
lesser degree than it binds to aggregated immunoglobulin or 
to. immune complexes. By sequentially passing normal plasma 
over columns of agarose beads to which modif ied-CRP is bound, 
it has been found that about 5% of the monomeric immuno- 
globulin is removed by the first column, about 1% is removed 
by the second column, and less than 1% is removed by the 
third column. Thus, only a selected portion or subclass of 
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optimal for the generation of neo-CRP as described in - 
. Potempa, et al., Mol. Immunol. . 20:1165-1175 (1983). When 
urea was removed by dialysis in lOmM phosphate buffer (pH 
7.4) containing 0.15 M NaCl, most of the CRP precipitated. 
About 100-150 micrograms/ml CRP remained soluble as quanti- 
fied by both extinction coefficient and the Dowry protein 
assays.' Using electrophoretic and antigenic detection 
methods, the neo-CRP antigen was found in both precipitated 
and soluble fractions. ■ When urea was removed by dialysis 
into lOmM phosphate buffer (pH 7.4) containing 0.015 M NaCl, 
no visible precipitate was observed; >90% of the protein 
available prior to treatment was accounted for in the solu- 
tion phase after dialysis. 

- EXAMPLE 2 

EIA Binding of Immune Complexes of Varying 
Antibody- Antigen Ratios by Modified-CRP 

Rabbit anti-peroxidase antiserum and isolated 

peroxidase enzyme were pre-incubated together at various 

ratios in the presence of 6.25% rabbit serum to form soluble' 

immune complexes (sol-ICs). Rabbit serum was centrifuged 

before use to minimize the effect of any endogenous com- 

plexed or aggregated immunoglobulins (Igs) present. Reagent 

ratios were adjusted to form ICs of approximately 5:1, 2.5:1 

and 1.25:1 antibody (Ab) : enzyme (Enz ) ratios (mole: mole). 

Serum containing anti-peroxidase peroxidase- sol-ICs was 

incubated in the wells of -polystyrene 96-well microti ter 
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globulin bound to Protein A than to modif ied-CRP (at the 
1.25:1 ratio). Thus, protein A is less selective in binding 
monomer immunoglobulin than immunoglobulin in ICs. Similar 
experiments were performed using rabbit anti-peroxidase 
reagents which were affinity purified, using a rabbit 
anti-B-galactosidase-B-galactosidase antibody: enzyme system, 
and using a goat anti-biotin (also affinity purified) 
-biotinylated alkaline phosphatase system. In all systems, 
the experimental results were essentially the same. as. those 
shown . 

EXAMPLE 3 

Sensitivity of immobilized 
modif ied-CRP to bind ICs 

Affinity-purified antibody systems similar to 
those described in Example 2 were adjusted to 2.5:1 ratio of 
antibody to enzyme. Specific amounts of sol- ICs were added 
to either buffer containing 1% BSA or diluted normal serum 
(6.25%). The amount of. immobi li zed' modif ied-CRP (modified 
as described in Example - 1 ) was varied from 10 microgram/well 
to 1 nanogram/well, and numerous sigmoidal binding curves of ■ 
sol-IC offered to and bound by modif ied-CRP were estab- 
lished. 0.5 to 1 microgram modif ied-CRP /we 11 was optimal 
for EIAs with as little as 50 to 100 nanogram/well being 
functional under certain assay conditions and sol-IC con- 
centrations . 
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Table 2 

Abaorbanee 8 405 na 
aeaaurinc binding of bloiiny la tad -human IqC 
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These data indicate that modif ied-CRP does bind 
human agg Ig with similar sensitivity to protein A and Clg. . 
- Further, from this experiment, modif ied-CRP appears to be a 
superior reagent in that it binds much less moriomeric Ig 
than either protein A or Clg. A clear distinction between 
monomer Ig and agg Ig binding to modif ied-CRP is observed at 
Ig concentrations from approximately 2 micrograms/ml to 50 
micrograms/ml (see underscored values in Table 2). If one ' 
were to calculate that sol-ICs which would be expected to be 
present in normal human serum (NHS) accounted for. 0.001 to 
1% of total- Ig (estimated to be 10 mg/ml), sol-IC detection 
assays require sensitivities of from 0.5 micrograms/ml to 
.100 micrograms/ml. Thus/ modif ied-CRP functionally differ- 
entiates sol-ICs in this concentration range more effici- 
ently than the other reagents tested. 
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EXAMPLE 6 

Binding of immune complexes from 
patient sera, plasma and pleural 
fluids to modified-CRP 

Sera, plasma,, and pleural fluids from 21 patients 
with various diseases were tested for human IgG (using 
enzyme conjugated anti -human IgG reagent) binding to 
modified-CRP, prepared as described in Example 1. We found 
binding material in 17 of the 21 samples (81% positive) . In 
general, plasma samples gave identical', or in some cases 
. enhanced amounts of modified-CRP binding material compared, 
to sera.. As in the case of modified-CRP binding material 
previously described, the IgG which bound was not detectable 
with protein A developing reagents. For the 10 normal human 
sera tested, low amounts (negatives in the graphs) of IgG 
were detected and only at 1:10 or less dilution of sera. 
Examples of EIA binding curves are shown in Figures 1-3. 

In general, two patterns were observed. One 
result is illustrated with sera from patients with rheuma- 
toid arthritis (FIG. 1) or appendicitis (FIG. 2). The 
amounts of IgG material which; bound to modified-CRP 
correlated with the serum concentration (serum dilution). 
The second type of result is illustrated with sera from 
patients with temporal arteritis (FIG. 1 or 2) or 
appendicitis (FIG. 3). Bell-shaped curves were obtained 
suggesting a prozone-like phenomenon. The levels of IgG 
bound to modified-CRP were much greater in patient samples 
(being observed at up to 1:1000 dilution) than in normal 
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TABLE 5 

Absorbance 8 405 mn 
Measuring binding to modified-CRP ef 

Hunan -IgM Himan-IgG 

Agglutin- 
ation Dilution Dilution 

titer_ 1 1 10 li20 1 .40 1 .10 1,20 1 ,4-Q 

Normal Senm #1 
Noraal Serun *2 

Patient *1 1 tS6C 
Patient *2 It 540 
Patient #3 1.220 

These data indicate that IgG from rheumatoid 
arthritis patient sera bound to modified-CRP, and IgM from 
at least one of the sera also bound to modified-CRP (see 
underscored values in Table 3). Ho IgM "and only a small 
amount of IgG bound from the two normal sera.. . The level of 
detected IgG or IgM bound decreased as serum was diluted to 
the 1:40 level. These data are consistent with the previous 
results that show modified-CRP can bind. ICs in a great 
excess of monomeric Igs. 

EXAMPLE 8 

Demonstration that Modified-CRP Binds 
Aggregated IgM and Aggregated IgA as 
well as Aggregated IgG 

Purified-biotinylated human IgG (Vector Labora- 
tories, Burlington, CA) and chromatographically purified IgM 
and IgA preparations (Jackson Immune Research Laboratories, 
Avon Park, NY) biotinylated by standard protocols were used. 
Aliquots of each conjugate were heat aggregated by incuba- 
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tified by absorbance change at 405 nanometers after incuba- 
tion for 10 to 120 min-at ambient temperatures. The results 
are summarized as follows: 

TABLE 4 



Abaorbance 









Class 


Of Iff 






Concentration 


IaG 


XffH 






of Iff incubated 
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■ono- 


agpxe- 
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aer 
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aer 




30 
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15 
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0.212 


0.686 


7.5 


0.059 


0.129 


0.027 


0.397 


0.100 


0.407 


3.75 


0.029 


0.079 


0.014 


0.216 


0.053 


0.225 


These 


results 


indicate 


that 


modified 


-CRP 


binds 



each of IgG, IgM and.IgA aggregates from 3 to 10 times 
better than modified-CRP binds monomeric Ig. As all three 
Ig classes have been shown to be naturally present in.ICs, 
these data indicate modif ied-CRP is effective in binding ICs 
of all Ig classes. 



EXAMPLE 9 

Effect on binding of monomer and aggregated IgG 
of precoating the surface to which modif ied-CRP 
is adsorbed with hvdrophilic liqarids 

Polystyrene EIA plates were coated with 100 micro- 
liters of : various concentrations of protamine (a polycationic 
ligand) overnight at 4°C in 0.1 m" sodium bicarbonate (pH 
9.4). After aspiration, 100 microliters of modif ied-CRP 
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to bind aggregated (complexed) IgG and, in addition, bind 
from 1.3 to at least 4.5 times more agg IgG than modified- 
CRP directly immobilized on the polystyrene plate surface. 
Comparable results have been obtained when glycine, aspartic 
acid and glutamic acid were immobilized on solid surfaces 
and when heparin was coated onto solid surfaces. These data 
suggest the efficiency with which modified-CRP binds IC is 
enhanced when modified-CRP is immobilized on specially 
prepared surfaces. 

• Modified-CRP did adsorb to BSA coated surfaces and 
retained preferential binding activity for aggregated Ig. 
However, the efficiency by which modified-CRP bound 
aggregated IgG was not improved over that level measured by 
the binding of modified-CRP directly adsorbed to the poly- 
styrene plate surface. 

EXAMPLE 10 

Effect of adding modified-CRP to solutions 
containing monomer or agcrrecrated human IgG 

Human IgG ( Immune Serum Globulin, Cutter-Gamastan) 

was prepared at 1 mg/ml in 10 mM phosphate, 0.3 M sodium 

chloride (pH 7.3). An aliquot was heated for 30 minutes at 

63 °C in a water bath. Modified-CRP prepared from isolated 

CRP by urea-chelation as described in Example 1.(8 M urea, 

10 mM EDTA, 1 hr. at 37°C, dialyzed into PBS) was added to 

either unheated or heat- aggregated IgG. Modified-CRP under 

these conditions predominantly precipitates; therefore, a 
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Monospecific antiserum to neo-CRP is prepared in 
goats using the following procedure. Urea-chelated CRP (5 
ml at 500 micrograms/ml ) is emulsified with an equal volume 
of complete Freund's adjuvant for multiple subcutaneous, 
unilateral, paraspinal injections. Four booster -inocula- 
tions of identical concentration are given in incomplete 
Freund's on opposite sides of the spine at 2 week intervals. 
Serum is fractioned with 45% ammonium sulfate and sequen- 
tially passaged over human albumin and SAP-affinity columns. 
This partially purified antiserum if further purified by 
passage over an affinity column on which urea-chelated CRP 
was immobilized on cyanogen-bromide activated BioGel 
(Bio-Rad Laboratories, Richmond, CA) . Specific antibody is 
eluted using Tris buffered saline (pH 7.4) containing 2 M 
MgCl 2 (final pH 4.5) and is equilibrated in lOmM PBS (pH 
7.4) containing 1% BSA. 

. This antibody may be used to bind immunoglobulin 
or immune complexes which contain, or which have been sup- 
plemented to contain, modified-CRP expressing neo-CRP.. 

EXAMPLE 12 

Plasma from a patient with Multiple Sclerosis 
(Fig. 4) and plasma from a patient with Myastinia Gravis 
(Fig.. 5) were passed over columns containing, cyanogen- 
bromide activated agarose resin to which modified-CRP 
(prepared as described Example 1) had been attached. After 
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EXAMPLE 13 

In vitro manipulation of CRP other than by 
urea-chelation to assess the effects of 
various treatments on the expression of 
neo-CRP antigenicity 

Aliquot s of isolated CRP at 1 mg/rol were treated . 
as follows: (1) CRP was heated at 63 °C in buffered saline 
for 2 minutes selectively in the presence of a chelating 
agent such as EDTA; (2) CRP in buffered saline was adjusted 
to pH 2.0 with HC1 and incubated at ambient temperatures for 
1 min prior to neutralization with NaOH; and (3) CRP was 
incubated with polystyrene beads or on other latex surfaces. 
CRP was also synthesized in vitro by molecular biology tech- 
niques. Using the antibody produced in Example 11 in a con- 
ventional immunoassay, it was determined that all of these 
procedures caused the expression of neo-CRP. ■ 

The preceding examples can be repeated with simi- 
lar success by substituting the generically or specifically 
described reactants and/or operating conditions of this in- 
vention for those specifically used in the examples. From 
the foregoing descriptions, one skilled in the art to which 
this invention pertains can easily ascertain the essential 
characteristics thereof and, without departing from the 
spirit and scope of the present invention, can make various 
changes and modifications to adapt it to various usages and 
conditions. 
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contacting the immune complexes with modified 
C- reactive protein so that the immune complexes bind to the 
modified C-reactive protein; and 

detecting or guantitating the immune complexes 
bound to the modified C-reactive protein. 

6. The method of Claim 5 wherein the modified 
C-reactive protein is labeled to allow for the detection or 
quantitation of the immune complexes, 

7. The method of Claim 5 wherein a labeled component 
that binds to the immune complexes or to modified C-reactive 
protein is added to allow the immune complexes to be 
detected or quantitated. 

8. The method of any one of Claims 1-7 wherein the 
modified C-reactive protein expresses neo-CRP antigenicity. 

9. The method of any one of Claims 1-5 and 7 wherein 
the modified C-reactive protein is immobilized on a solid 
surface. 

10. The method of Claim 9 wherein the solid surface is 
hydrophobic. 
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18. A device for removing aggregated immunoglobulin or 
immune complexes . from fluids comprising: 

modified C-reactive protein bound to a solid 
surface; and 

a means. for encasing the solid surface so that the 
fluid may be contacted with the solid surface. 

19. A method of binding aggregated immunoglobulin or 
immune complexes comprising contacting the aggregated 
immunoglobulin or immune complexes with an antibody to 
neo-CRP. 

20. The method of Claim 19 wherein the antibody to 
neo-CRP is labeled to allow for detection or quantitation of 
the immune complexes. 

21. The method of Claim 19 wherein a labeled component 
that binds to the immune complexes or to the antibody to the 
neo-CRP is added to allow the immune complexes to be 
detected or guantitated. 

22. A method of binding aggregated immunoglobulins or 
immune complexes comprising: 1 

contacting the aggregated immunoglobulin or immune 
complexes with modified C-reactive protein that expresses 
neo-CRP; and 
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28. A method of reducing the levels of immune com- 
plexes in a mammal in need thereof comprising administering 
to the mammal an amount of modified C-reactive protein 
effective to reduce the levels of immune complexes in the 
mammal. 

29. A method of binding immunoglobulin comprising con- 
tacting the immunoglobulin with modi fied-CRP. 

30. A method of binding immunoglobulin comprising con- 
tacting the immunoglobulin with antibody to neo-CRP. 

31. A method of making modified C-reactive protein 
comprising one of the following: 

- (a) adjusting the pH of a solution of C-reactive 
protein to about 9 or above; 

(b) adjusting the pH of a solution of C-reactive 
protein to about 3 or below; 

(c) heating a solution of C-reactive protein to 
above about 50°C, with or without the addition of chelation 
agents; or 

(d) adsorbing C-reactive protein onto a solid 

surface. 

32. The method of Claim 30 .wherein neo-CRP antigen is 
expressed as a result of the modification -step. 
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